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Introduction
In recent years, China has experienced continuous economic growth. Moreover, there has been a substantial increase in the demand for transportation. The number of vehicles in China has increased at an average annual rate of 15% since 1981 . In 2002 and 2003 of passenger cars increased by 50% and 75%, respectively. It is predicted that within two years, China will be the world's second-largest new car market. [1] .
A direct result of the rapid growth in vehicle numbers is the significant increase in air pollution. In big cities like Beijing, Shanghai and Guangzhou, it was coal combustion that used to cause most air pollution; today the chief source is heavy vehicle pollution. There are three main characteristics of air pollution in China's largest cities (i.e. cities with a population of over two million) nowadays. First, over 50% of NOx is emitted from vehicles in large cities. Second, CO exceeds the national standard in the most traffic congested areas in most large cities. Third, there is a rising potential threat of photochemical smog in large cities [2] . Consequently, controlling air pollution produced by vehicles is now near the top of the policy agenda of Chinese central and local governments in the country's larger cities.
The purpose of undertaking a Cost-Benefit Analysis (CBA) of air pollution produced by vehicles is to apply hard economic reasoning based on an assessment of the efficient allocation of scarce financial resources, aimed at pinpointing and ranking the most effective strategies for controlling pollution. Today, many international policy institutes conduct CBA to assess the relative degrees of efficiency of alternative measures to curb vehicle emission pollution. The main purpose is to identify and assess the economic significance of costs and benefits of unit reductions in pollutants for different vehicle models with regard to the various (cleaner) air policy scenarios under consideration. In the present analysis, we consider the direct costs and expenditure incurred with the use of technological equipment and hardware applied to different vehicle models in order to achieve given air quality standards. In addition, on the benefit side we consider the gains in reduced oil consumption obtained from improved efficiency in different motor models as a direct result of adopting the above mentioned hardware. Owing to lack of data, this paper does not address other benefits such as health benefits in its cost-benefit analysis.
Before computing the cost and benefit of controlling vehicle pollution, some essential data and assumptions should be first defined. These will be discussed in detail in the next section.
Data and Basic Assumptions

Identification of the Different Vehicle Models and Respective Characteristics
MOBILE5 model, which is based upon the US Environmental Protection Agency (EPA) DOS-based Mobile5 emission factor model, is used to classify the different vehicle types that will be under analysis in this paper (see Table 1 ). Because of the efficient control scenario of motorcycles currently in China, it is not necessary for us to design an alternative scenario to substitute the current one. [3] Therefore, we do not take the motorcycle into consideration in this study. Therefore the average annual mileage covered by LDGVs is 25 000 km. The unit of efficiency in fuel use is measured in terms of the reduction in oil consumption per mile traveled. Fuel efficiency is the yardstick in assessing the relative benefits of alternative policy strategies. Table 3 gives average fuel economy for each vehicle type.
The data are based on the results obtained in the B-9-3 program, an investigation carried out by Tsinghua University, China in 1997. [4] Based on the prices of gasoline and diesel oil in China's domestic market in 2003, we adopt 0.4 UD dollar/liter as the average price of both gasoline and diesel. [5] Table 4 shows the details of each scenario. 
Cost and Benefit Data of Different Technological Control Measures
The cost and benefit data of different Euro standards are obtained from the B-9-3 Project and the current motor parts supply market. Table 8 shows the original data on the costs and benefits of different vehicle models under different control standards. In this table, the costs include the hardware cost, which is incurred by using new technology to match the alternative standards and repair costs. The new technological equipments include closed loop electronic control ejection, cold start triple catalytic converter, rarefaction combustion, deoxidization catalytic converter under rarefaction conditions, oxidation catalytic converter and so on. [9] All the hardware costs and repair cost together constitute the total costs incurred during the whole cycle of emission pollutant treatment.
The benefit is obtained/gauged from the improvements in economy of fuel when adopting new standards. 
Theoretical Approach of the Computing Method
Basic Formula
The aim of the computing method is to calculate the net benefit of emission reduction of different pollutants in the middle and upper scenarios, so the basic formula is:
Because NB=B-C, We can rewrite the formula into Eq. (2):
Where, i=1, 2, 3 presents the three different pollutants, CO, HC and NOx, respectively; j=1, 2 presents the Middle and Strict scenarios, respectively; j C is the total cost of a scenario; j B is the total benefit of a scenario
is the net benefit per ton for one pollutant;
is the difference between the net benefit of the current scenario (Middle or Strict) and the standard scenario;
is the difference in the emission of one pollutant between the current scenario (Middle or Strict) and the standard scenario.
Calculation of ( )
measures the welfare change associated with the adoption of a stricter pollution emission policy. In other words, it refers to the change in the net benefits from moving from the current (standard) scenario towards the middle or strict scenario. Therefore, it is equal to the difference between the two net benefits of two different scenarios. In this paper, the net benefit of a scenario, NB, is the economic benefit of oil, oil B , less the sum of the hardware cost, h C , and repair costs, r C . As given by Eq. (3) ) (
Considering the fact that NB=-NC, we can rewrite Eq (3) into Eq (4):
The hardware cost of a scenario, h C , is based on the accumulated data from the standards for different years. For simplicity sake, we assume that the hardware cost is smoothly/uniformly allocated throughout the life cycle of 20 years. The repair costs for a scenario, r C , is based on the accumulated data from the standards in different years. Each repair cost is equally distributed across the life cycle of 20 years. Contrariwise, the economic oil, oil B , is based on the consumption of oil every one hundred kilometers and the yearly mileage, multiplied by the improved percentage in oil economy and the average oil prices for 2003. Thus, the total economic benefit of oil in a scenario will be equal to the sum of the whole fuel economy improvement for each year. 
Using the calculated values of the pollutant emission ( )
we can obtain Eq. (6), 
Valuation Results
Pollution Levels
The estimation of the cost benefit results involved the use of (a) six motor models, (b) two control policy scenarios, and (c) three types of pollutants. Furthermore, alternative policy scenarios have different effects on the discharge and cost / benefit of CO, HC, and NOx treatment , because they register different values in the data on pollutants. Valuation results are presented and discussed in detail in the following sub-sections. Table 7 shows the emission of different vehicle models under each control scenario. Accordingly , we can calculate the percentage changes of reduction in CO, HC, and NOx comparing Middle and Strict scenarios with the Standard scenario, without considering cost and benefit. For instance, as shown in Figure 1 , for gasoline driven light vehicles, if we adopt the Middle scenario, the percentage changes in the reduction of CO, HC, and NOx emissions are 27%, 18%, and 23% respectively; if we adopt the Strict scenario, the percentage changes in the reduction of CO, HC, and NOx are 46%, 35% and 41% respectively. 
Cost Benefits Results
Taking into account the data on cost and benefits, we can calculate the net benefit of CO, HC, and NOx in the different control scenarios for different vehicle models. Because the net benefits are all negative, all the figures in Table 8 refer to the net costs. The results in Table 8 may be influenced by some variables such as yearly mileage, fuel consumption rate, changing percentage in oil economy , oil price and discount rate.
The yearly mileage can influence the total amounts of emission but make little difference on the net benefit. The oil price and the fuel consumption rate can influence the total benefit. The bigger the discount rate is, the smaller the conversion rate of the cost and the larger the total cost. The changing percentage of economy in oil consumption is very important in this analysis. The greater the percentage , the less time will be needed to absorb the hardware cost and thus achieve better results in cost benefit. This also indicates that economizing on oil is of great importance in controlling emissions.
Conclusions
From the preceding calculations and results, we can rank the alternative control scenarios, for the different types of vehicle, as follows: It is clear that for light duty vehicles, it is better to opt for the middle scenario. The reason is that these vehicles are already controlled strictly under the standard scenario, therefore if we follow the strict scenario, the costs of the unit pollutant are higher than they would be in the middle scenario. This can also tell us that when standard emission levels reach a certain rate , it is more difficult to further reduce polluting emissions Additional investments would be required to achieve this. For heavy duty vehicles, it is better to choose the strict scenario. Because these vehicles are less controlled under the standard scenario, this can make their control costs per unit discharge in the strict scenario lower than those of the middle scenario, so the strict scenario can bring them more cost benefits. Finally, comparing Table 7 and Table 9 , we find that the amount of control over emissions among different vehicle models differs according to the pollution control measure implemented. For instance, for the LDGV, the strict scenario is more effective in reducing the amount of pollutants than the middle scenario. However, from an economic perspective, the strict scenario is not the preferred one since the cost-benefit exercise shows that the net benefit estimates associated to the middle policy scenario are larger compared to the net benefit estimates associated with the strict policy scenario. 
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